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(57) ABSTRACT 
A liquid injection head has a nozzle body having a row of 
nozzle holes and a nozzle guard that covers the row of nozzle 
holes. The nozzle guard has a top portion having formed 
therein a slit opposed to the row of nozzle holes, a sealing 
portion that seals an area between a peripheral edge of the top 
portion and the nozzle body, and a Suction flow path having a 
Suction port opening below the row of nozzle holes and com 
municating with a space on an inner side of the nozzle guard. 
A Suction section connected to the Suction flow path of the 
nozzle guard causes the space on the inner side of the nozzle 
guard to form a negative pressure chamber Such that a liquid 
overflowing into the negative pressure chamber is Sucked 
from the suction port of the suction flow path. 
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1. 

LIQUID INJECTION HEAD, LIQUID 
INJECTION RECORDINGAPPARATUS, AND 
METHOD OF FILLING LIOUID INJECTION 

HEAD WITH LIQUID 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a U.S. national stage application of 
International Application No. PCT/JP2009/059205 filed May 
19, 2009, claiming an earliest priority date of Jun. 5, 2008, 
and published in a non-English language. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid injection head for 

injecting liquid from a nozzle injection port to record images 
and characters on a recording medium, a liquid injection 
recording apparatus, and a method of filling a liquid injection 
head with liquid. 

2. Description of the Related Art 
In general, a liquid injection recording apparatus, for 

example, an inkjet printer that performs various kinds of 
printings includes a conveying device that conveys a record 
ing medium and an inkjet head. As one used in the inkjet 
printer, there is known an inkjet head which includes a nozzle 
body having a nozzle string including a plurality of nozzle 
holes, a plurality of pressure generating chambers that are 
paired with the respective nozzle holes and communicated to 
the nozzle holes, an ink Supply system that Supplies ink to the 
pressure generating chambers, and a piezoelectric actuator 
placed adjacent to the pressure generating chambers. In the 
inkjet head, the piezoelectric actuator is driven to pressurize 
the pressure generating chambers, thereby injecting ink in 
each of the pressure generating chambers from a nozzle injec 
tion port of each of the nozzle holes. 
As one type, there is known an inkjet printer which 

includes a carriage for moving the inkjet head in a direction 
orthogonal to a conveying direction of a recording sheet (re 
cording medium) and prints the recording sheet. In this type 
of inkjet printer, a service station for maintenance is provided 
in a movable range of the inkjet head, and the inkjet head is 
moved to the service station, whereby the nozzle holes are 
cleaned and the nozzle holes are initially filled withink under 
Suction with a cap being placed on the inkjet head. 

Further, as a type different from the above-mentioned ink 
jet printer, there is an inkjet printer which is used for a rela 
tively large recording medium Such as a box or the like and 
prints a recording medium conveyed with an inkjet head 
being fixed. In this type of inkjet printer, an inkjet head can 
not be moved, and there is merely a small space for providing 
a service station between the inkjet head and the recording 
medium and below the inkjet head. Therefore, when a pres 
Sure generating chamber is initially filled with ink, ink is 
generally supplied from an ink Supply system side under 
pressure. 

During filling under pressure, in order to prevent the inkjet 
head and a vicinity of an inkjet printer from being contami 
nated with excess ink flowing from the nozzle holes and to 
prevent the injection of ink after the filling with the ink from 
being unstable, means for removing excess ink should be 
considered. Further, this also applies to the case of collecting 
ink flowing onto a nozzle body during an ordinary use, as well 
as the case of the initial filling. 

JP 05-116338 A discloses an inkjet head in which an ink 
guide member protruding outward from a nozzle formation 
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Surface made of a plate porous absorbent and a block-type ink 
absorbent connected to the ink guide member are provided 
below the inkjet head, and the ink guide member receives 
excess ink and guides it to the ink absorbent so that the ink 
absorbent absorbs the guided excess ink. 

However, according to the related art, the ink guide mem 
ber and the ink absorbent are provided below the inkjet head. 
Therefore, there is a problem that the lower part of the inkjet 
head can not be used effectively. There is another problem 
that, in the case where an inkjet printer is designed under a 
predetermined constraint, a lower part of a recording medium 
can not be printed. 

Further, according to the related art, an ink absorbent is 
allowed to merely absorb excess ink, and hence there is a limit 
to the amount of excess ink that can be collected. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of such cir 
cumstances, and objects thereof are as follows. 

(1) The space factor of a liquid injection head is enhanced 
to improve the degree of design freedom of a liquid injection 
recording apparatus. 

(2) The ability of collecting excess liquid is enhanced, 
whereby the contamination with excess liquid is prevented 
and the liquid injection after the filling of liquid is stabilized. 

(3) Initial filling of a liquid injection recording apparatus is 
realized with a simple configuration. 

In order to achieve the above-mentioned objects, the 
present invention adopts the following techniques. 
As a technique for solving the problems with the liquid 

injection head, there is provided, in a first aspect, a liquid 
injection head comprising a nozzle body having a nozzle 
string including a plurality of nozzle holes, a plurality of 
pressure-generating chambers that are paired with the plural 
ity of respective nozzle holes and communicated to the plu 
rality of nozzle holes, a liquid Supply system supplying a first 
liquid to the plurality of pressure-generating chambers, and 
an actuator placed adjacent to the plurality of pressure-gen 
erating chambers and driven to pressurize the plurality of 
pressure-generating chambers so that the first liquid in the 
plurality of pressure-generating chambers is injected from a 
nozzle injection port of the nozzle string, the liquid injection 
head including a nozzle guard that is formed so as to cover the 
nozzle string, the nozzle guard including: a top portion having 
a slit opposed to the nozzle string while being placed apart 
from a surface of the nozzle body; a sealing portion that seals 
an area between a peripheral edge of the top portion and the 
nozzle body; and a Suction flow path in which a Suction port 
is opened to a lower portion of the nozzle string, and is 
communicated to an inside space of the nozzle guard, in 
which: the inside space of the nozzle guard is rendered a 
negative pressure chamber by a Suction portion connected to 
the suction flow path; and the first liquid overflowing the 
plurality of nozzle holes to the negative pressure chamber is 
Sucked. 

According to the present invention, excess liquid during 
the initial filling or during the ordinary use of liquid flows to 
a negative pressure chamber communicated to the outside 
only through a slit and gas outside the negative pressure 
chamber flows in the negative pressure chamber through the 
slit. Thus, the excess liquid moves through the negative pres 
sure chamber under the condition of being unlikely to leak out 
from the slit and is Sucked into a Suction flow path through a 
Suction port. Therefore, the space for collecting liquid flow 
ing from the nozzle injection portion can be minimized, and 
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the space factor of the liquid injection head and the degree of 
design freedom of the liquid injection recording apparatus 
can be enhanced. 

Further, liquid can be discharged continuously through the 
suction flow path. Therefore, the ability of collecting excess 
liquid is very high, and the contamination with excess liquid 
can be prevented even when a great amount of excess liquid 
flows out and the liquid injection after the filling of liquid can 
be stabilized. 

Further, it is not necessary to clean the nozzle surface with 
a wiper or to provide a service station provided with a clean 
ing device Such as a wiper, and excess liquid can be collected 
with a nozzle guard, a Suction flow path, and a suction port. 
Therefore, initial filling of a liquid injection recording appa 
ratus can be realized with a simple configuration. 

Further, in the liquid injection head, the Suction port is 
provided at a position so as to be free from being opposed to 
the slit. 

According to the present invention, air flowed through the 
slit reaches the Suction port via an inside space, and hence the 
inside space can be depressurized rapidly and the negative 
pressure state in the negative pressure chamber can be con 
tinued satisfactorily. This enables excess liquid to be col 
lected rapidly and a great amount of excess liquid to be 
collected stably. 

Further, in the liquid injection head, the Suction port is 
provided in a lowermost portion of the negative pressure 
chamber in a gravity direction. 

According to the present invention, excess liquid can be 
Sucked in the undermost portion, and hence excess liquid 
having flowed downward and reached the vicinity of the 
undermost portion can be sucked efficiently. 

Further, in the liquid injection head, the slit is formed so 
that a longitudinal direction thereof faces in the gravity direc 
tion, and a lower end thereof being formed into a circular 
shape. 

According to the present invention, even if excess liquid 
should leak outside from the slit, the surface of the liquid 
maintained by the surface tensionata lower end portion of the 
slit is unlikely to be broken and the excess liquid is likely to be 
accumulated in the negative pressure chamber. Therefore, the 
contamination by the leakage of the excess liquid can be 
prevented and the ability of collecting the excess liquid can be 
enhanced. 

Further, in the liquid injection head, an inclined portion 
converging to the Suction port is provided in an inside lower 
portion of the nozzle guard, and a width of the inclined 
portion, which is parallel to a surface of the nozzle body and 
perpendicular to the nozzle string, decreases gradually 
toward the Suction port. 

According to the present invention, excess liquid having 
reached the lower part of the negative pressure chamber flows 
toward the suction port in the width direction to reach the 
vicinity of the Suction port, and hence the excess liquid is 
likely to be sucked by the suction portion. This enables the 
excess liquid to be sucked efficiently, which enhances the 
ability of collecting the excess liquid. 

Further, in the liquid injection head, the inclined portion 
converging to the Suction port is provided in the inside lower 
portion of the nozzle guard, and a distance of the inclined 
portion from the nozzle body in a direction perpendicular to a 
surface of the nozzle body decreases gradually toward the 
Suction port. 

According to the present invention, the distance between 
the nozzle body and the inclined portion in a direction per 
pendicular to the surface of the nozzle body becomes smaller 
toward the Suction port. Therefore, excess liquid flowing 
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4 
downward through the inclined portion reaches the vicinity of 
the suction port. This enables the excess liquid to be sucked 
efficiently, which enhances the ability of collecting the excess 
liquid. 

Further, in the liquid injection head, a water-repellent film 
is formed at least on an outer Surface of the nozzle guard 
exposed to an outside. 

According to the present invention, even if excess liquid 
should leak outside from the slit, the excess liquid is repelled 
by the water-repellent film to be likely to be accumulated in 
the negative pressure chamber. Therefore, the ability of col 
lecting the excess liquid is enhanced and the contamination 
by the leakage of the excess liquid can be prevented. 

Further, in the liquid injection head, a hydrophilic film is 
formed on an inner Surface of the nozzle guard in contact with 
the negative pressure chamber. 

According to the present invention, excess liquid is likely 
to flow through the negative pressure chamber and is unlikely 
to leak outside from the slit, and the excess liquid repelled by 
the water-repellent film is guided to the negative pressure 
chamber, and hence the excess liquid is likely to be accumu 
lated in the negative pressure chamber without flowing out 
from the slit. 

Further, in the liquid injection head, a dented portion 
dented toward the negative pressure chamber is formed in the 
top portion of the nozzle guard, and the slit is formed in a 
bottom surface of the dented portion. 

According to the present invention, a slit is formed on the 
bottom surface of a dented portion. Therefore, even in the 
case where the nozzle guard comes into contact with a record 
ing medium or the like, the probability of the contact with the 
water-repellent film in the vicinity of the slit is reduced to 
prevent the water-repellent film from being peeled. 

Further, in the liquid injection head, an annular protruding 
wall that protrudes toward the negative pressure chamber and 
Surrounds the slit in an annular shape is formed on the top 
portion of the nozzle guard. 

According to the present invention, the annular protruding 
wall prevents excess liquid following the inner Surface from 
being directed to the slit. Therefore, the excess liquid can be 
prevented from leaking from the slit. In particular, even if the 
excess liquid remains in the inside space after the negative 
pressure chamber has recovered a pressure in the case where 
liquid is injected to a recording medium with a nozzle injec 
tion portion of the liquid injection head being directed down 
ward, the excess liquid can be prevented from leaking from 
the slit effectively. 

In a second aspect, the present invention provides a liquid 
injection recording apparatus comprising the liquid injection 
head according to any one of the above-mentioned embodi 
ments; and a liquid Supply portion arranged so as to Supply the 
first liquid to the liquid Supply system. 

According to the present invention, the first liquid is Sup 
plied to the liquid Supply system, and hence the first liquid can 
be supplied, for example, as ink to the liquid injection head. 

In a third aspect, the present invention provides a liquid 
injection recording apparatus comprising the liquid injection 
head according to any one of the above-mentioned embodi 
ments; and a liquid Supply portion arranged so as to Switch 
and Supply the first liquid and a second liquid to the liquid 
Supply system. 

According to the present invention, two kinds of liquids are 
Supplied to the liquid Supply system. Therefore, for example, 
ink and a cleaning solution are Supplied to the liquid Supply 
system so as to save the labor of the liquid injection head for 
cleaning and clean the head efficiently. This can recover the 
ability of collecting excess liquid. 
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Further, in the liquid injection recording apparatus of the 
second and third aspects, are use liquid Supply system col 
lects the first liquid overflowing to the negative pressure 
chamber by Suction, and Supplies the first liquid to the pres 
Sure-generating chamber. 

According to the present invention, the first liquid having 
leaked into the negative pressure chamber can be re-used. 

Further, in the liquid injection recording apparatus of the 
second and third aspects, the re-use liquid Supply system has 
one of a filter portion and a deaerator. 

According to the present invention, the liquid in an appro 
priate state can be re-used. 

In a fourth aspect, the present invention provides a method 
of filling a liquid injection head with liquid, the liquid injec 
tion head including a nozzle body having a nozzle string 
including a plurality of nozzle holes, a plurality of pressure 
generating chambers that are paired with the plurality of 
respective nozzle holes and communicated to the plurality of 
noZZle holes, a liquid Supply system Supplying a first liquid to 
the plurality of pressure-generating chambers, and an actua 
tor placed adjacent to the plurality of pressure-generating 
chambers and driven to pressurize the plurality of pressure 
generating chambers so that the first liquid in the plurality of 
pressure-generating chambers is injected from a nozzle injec 
tion port of the nozzle string, the liquid injection head includ 
ing a nozzle guard that is formed so as to cover the nozzle 
string, the nozzle guard including: a top portion having a slit 
opposed to the nozzle String while being placed apart from a 
Surface of the nozzle body; a sealing portion that seals an area 
between a peripheral edge of the top portion and the nozzle 
body; and a suction flow path in which a suction port is 
opened to a lower portion of the nozzle string, and is com 
municated to an inside space of the nozzle guard, the inside 
space of the nozzle guard being rendered a negative pressure 
chamber by a Suction portion connected to the Suction flow 
path, the first liquid overflowing the plurality of nozzle holes 
to the negative pressure chamber being Sucked, in which, 
under a condition that the negative pressure chamber is 
allowed to have a negative pressure lower than an atmo 
spheric pressure by the Suction portion, the plurality of pres 
Sure-generating chambers are filled with the first liquid under 
pressure with use of the liquid Supply system. 

According to the present invention, compared with the case 
where the plurality of pressure-generating chambers are filled 
with liquid under pressure with the inside space being under 
the same pressure as the atmospheric pressure, air flows 
through the slit continuously. Therefore, the excess liquid is 
unlikely to leak from the slit and the Suction port discharges 
the excess liquid continuously, and hence the excess liquid is 
accumulated in the inside space (negative pressure chamber) 
without leaking from the slit. This enables the filling of liquid 
while preventing the contamination with excess liquid, which 
can stabilize the liquid injection after the filling of the liquid. 

Further, in the method offiling a liquid injection head with 
liquid, the filling under pressure is completed under the con 
dition that the negative pressure chamber is allowed to have a 
negative pressure lower than an atmospheric pressure by the 
Suction portion. 

According to the present invention, the filing under pres 
Sure is completed in the State of the negative pressure chamber 
and liquid does not flow to the negative pressure chamber. 
Therefore, compared with the case where the filling under 
pressure is completed in the plurality of pressure-generating 
chambers after the inside space recovers a pressure, excess 
liquid is unlikely to leak from the slit and does not leak from 
the slit. This enables the filling of liquid while preventing the 
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6 
contamination with excess liquid and can stabilize the liquid 
injection after the filling of the liquid. 

Further, a method of using the liquid injection recording 
apparatus according to the present invention is a method of 
using the above-mentioned liquid injection recording appa 
ratuses according to the present invention, and includes a 
liquid filling mode in which the Suction portion is operated by 
a first output to render the inside space the negative pressure 
chamber so that the liquid leaking from the injection hole 
string via the Suction flow path is Sucked. 

According to the above-mentioned configuration, the Suc 
tion portion is operated by the first output, whereby a pressure 
sufficiently lower than the atmospheric pressure is achieved 
in the inside space of the injector guard in the negative pres 
Sure chamber. In this case, excess liquid that has been Sup 
plied from the liquid supply portion and leaked from the 
injection hole string during the initial filling of liquid and the 
ordinary use flows out to the negative pressure chamber com 
municated to the outside only through the slit and gas outside 
the negative pressure chamber flows into the negative pres 
sure chamber through the slit. This allows the excess liquid to 
move to the negative pressure chamber under the condition 
that the excess liquid is unlikely to leak outside from the slit 
and allows the excess liquid to be sucked into the suction flow 
path from the suction port to be discharged outside. There 
fore, the liquid having flowed from the injection hole string 
can be collected. Consequently, the initial filling of liquid can 
be performed while preventing the leakage of the excess 
liquid from the slit. 

Further, the method of using the liquid injection recording 
apparatus according to the present invention includes Switch 
ing a liquid filling mode in which the suction portion is 
operated by a first output to render the inside space the nega 
tive pressure chamber so that the liquid leaking from the 
injection hole String via the Suction flow path is Sucked, and a 
normal use mode in which the Suction portion is operated by 
a second output Smaller than the first output so that the liquid 
is injected from the injection hole string to the recording 
medium to perform recording with respect to the recording 
medium. 

According to the above-mentioned configuration, in an 
ordinary operation mode, the Suction portion is operated by 
the second output Smaller than that in the liquid filling mode. 
Thus, even in the case where there are excess liquid having 
leaked from the injection holes during printing or the like and 
excess liquid remaining in the inside space of the injector 
guard after the filling of liquid, these excess liquids are 
Sucked, whereby the leakage of excess liquid from the slit can 
be prevented. Accordingly, the initial filling of liquid to the 
printing can be performed under the condition that the open 
ing direction of the injection holes is directed in the gravity 
direction without providing a service station. 

According to the present invention, excess liquid during 
the initial filling of liquid and the ordinary use flows out to the 
negative pressure chamber communicated to outside only 
through the slit and gas outside of the negative pressure cham 
ber flows into the negative pressure chamber. This allows the 
excess liquid to move through the negative pressure chamber 
under the condition that the excess liquid is unlikely to leak 
out from the slit and is sucked into the suction flow path from 
the suction port to be discharged outside. Therefore, the space 
for collecting liquid having flowed from the nozzle injection 
port is minimized, which can enhance the space factor of the 
liquid injection head and enhance the degree of design free 
dom of the liquid injection recording apparatus. 

Further, liquid can be discharged continuously through the 
suction flow path. Therefore, even in the case where the 
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ability of collecting excess liquid is very high and a great 
amount of excess liquid flows out, the contamination with the 
excess liquid can be prevented and the liquid injection after 
the filling of the liquid can be stabilized. 

Further, it is not necessary to clean the nozzle surface with 
a wiper or to provide a service station, and excess liquid can 
be collected with a nozzle guard, a Suction flow path, and a 
Suction portion. Therefore, initial filling of a liquid injection 
recording apparatus can be realized with a simple configura 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a perspective view illustrating an inkjet recording 

apparatus 1 in an embodiment of the present invention; 
FIG. 2 is a schematic structural view of the inkjet recording 

apparatus 1 viewed from a right side Surface in the embodi 
ment of the present invention, with a part of the configuration 
being illustrated in a cross-section; 

FIG. 3 is a front view of an inkjet head 10 in the embodi 
ment of the present invention; 

FIG. 4 is a schematic structural view of the inkjet head 10 
viewed from a right side surface in the embodiment of the 
present invention; 

FIG. 5 is a cross-sectional view taken along a line I-I in 
FIG. 4 in the embodiment of the present invention; 

FIG. 6 is an exploded perspective view of a head chip 20 in 
the embodiment of the present invention; 

FIG. 7 is an exploded perspective view illustrating the 
details of a ceramic piezoelectric plate 21 and an ink chamber 
plate 22 in the embodiment of the present invention; 

FIG. 8 is a diagram illustrating a relationship between the 
operation timing of a Suction pump (section) 16 and a pres 
Sure pump 54, and a space S (negative pressure chamber R) in 
the embodiment of the present invention; 

FIGS. 9A to 9D are cross-sectional views illustrating the 
operation of the head chip 20 during the initial filling in the 
embodiment of the present invention, with main portions 
enlarged; 

FIGS. 10A and 10B are views illustrating an inkjet head 60 
which is a modified example of the inkjet head 10 in the 
embodiment of the present invention, with main portions 
enlarged; 

FIGS. 11A and 11B are views illustrating an inkjet head 70 
which is a modified example of the inkjet head 10 in the 
embodiment of the present invention, with main portions 
enlarged; and 

FIGS. 12A to 12C are views illustrating inkjet heads 80,90, 
and 100 which are modified examples of the inkjet head 10 in 
the embodiment of the present invention, with main portions 
enlarged. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the present invention are 
described with reference to the drawings. 
(Liquid Injection Recording Apparatus) 

FIG. 1 is a perspective view illustrating an inkjet recording 
apparatus (liquid injection recording apparatus) 1 according 
to an embodiment of the present invention. FIG. 2 is a sche 
matic structural view of the inkjet recording apparatus 1. The 
inkjet recording apparatus 1 is connected to a predetermined 
personal computer, and discharges (injects) ink (liquid) I 
based on printing data sent from the personal computer to 
perform printing on a box D. The inkjet recording apparatus 
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1 includes a belt conveyer 2 for conveying the box D in one 
direction, an ink discharge portion 3 having a plurality of 
inkjet heads 10, and an ink Supply portion 5 for Supplying ink 
(first liquid) I and a cleaning Solution (second liquid)Wto the 
inkjet heads 10, as illustrated in FIG. 2. 
The ink discharge portion 3 discharges the ink I to the box 

D, and has four housings 6 in a rectangular Solid shape, as 
illustrated in FIG. 1. The inkjet heads 10 are respectively 
accommodated in the housings 6 (see FIG. 2). Two housings 
6 are provided on both sides of the belt conveyer 2 in the width 
direction with each ink discharge surface 6a directed to the 
belt conveyer 2 side. Two housings 6 placed respectively on 
both sides of the belt conveyer 2 in the width direction are 
provided adjacent to each other in a vertical direction and are 
Supported respectively by a Support member 7. An opening 6b 
is formed on the ink discharge Surface 6a of the housing 6. 
(Liquid Injection Head) 

FIG. 3 is the front view of an inkjet head 10, and FIG. 4 is 
a schematic structural view of the inkjet head 10 viewed from 
a right side surface. FIG. 5 is a cross-sectional view taken 
along a line I-I in FIG. 4. 
As illustrated in FIG. 4, the inkjet head 10 includes a case 

11, a liquid Supply system 12, ahead chip 20, a driving circuit 
board 14 (see FIG. 5), and a suction flow path 15. 
The case 11 has a thin box shape with an exposure hole 11b 

formed on a front surface 11a, and the case 11 is fixed in the 
housing 6 with the thickness direction directed in a horizontal 
direction and the exposure hole 11b directed to the opening 
6b. As illustrated in FIGS. 4 and 5, the case 11 is provided 
with a through-hole passing through the inner space at a back 
surface 11c. Specifically, an ink injection hole 11d is formed 
at a position in the substantially middle in the height direction 
and an ink Suction hole 11e is formed in a lower part. The case 
11 includes a base plate 11f that rises and is fixed to the case 
11 in the inner space and accommodates each constituent 
element of the inkjet head 10. 
The liquid Supply system 12 is communicated to the ink 

supply portion 5 via the ink injection hole 11d and is substan 
tially composed of a damper 17 and an ink flow path substrate 
18. 
As illustrated in FIG. 5, the damper 17 adjusts the fluctua 

tion of a pressure of the ink I and includes a storage chamber 
17a for storing the ink I. The damper 17 is fixed to the base 
plate 11f and includes an ink in-take hole 17b connected to 
the ink injection hole 11d via a tube member 17d and an ink 
discharge hole 17c connected to the ink flow path substrate 18 
via the tube member 17e. 
As illustrated in FIG. 4, the ink flow path substrate 18 is a 

member formed into an elongated shape. As illustrated in 
FIG. 5, the ink flow path substrate 18 includes a flow passage 
18a communicated to the damper 17, through which the ink I 
flows, and is attached to the head chip 20. 
As illustrated in FIG. 5, the driving circuit board 14 

includes a control circuit (not shown) and a flexible substrate 
14a. The driving circuit board 14 applies a Voltage to a 
ceramic piezoelectric plate 21 in accordance with a printing 
pattern, when one end of the flexible substrate 14a is con 
nected to a plate-shaped electrode 18 (described later) and the 
other end is connected to the control circuit (not shown) on 
the driving circuit board 14. The driving circuit board 14 is 
fixed to the base plate 11f. 
As illustrated in FIG. 6, the head chip 20 includes the 

ceramic piezoelectric plate (actuator) 21, the ink chamber 
plate 22, a nozzle body 23, and a nozzle guard 24. 
The ceramic piezoelectric plate 21 is a substantially rect 

angular member made of lead Zirconate titanate (PZT), and as 
illustrated in FIGS. 6 and 7, a plurality of long grooves 26 are 
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provided in parallel on one plate surface 21a of two plate 
Surfaces 21a, 21b, and the respective long grooves 26 are 
partitioned by side walls 27. 
As illustrated in FIG. 6, the long grooves (pressure-gener 

ating chambers) 26 extend in a short direction of the ceramic 
piezoelectric plate 21, and a plurality of the long grooves 26 
are provided in parallel over the full length of the ceramic 
piezoelectric plate 21 in the longitudinal direction. As illus 
trated in FIG. 7, each long groove 26 is formed into a rectan 
gular shape in a cross-section in the thickness direction of the 
piezoelectric actuator. Further, a bottom Surface of each long 
groove 26 is composed of a front flat surface 26a extending to 
substantially the center portion in the short direction from a 
front side surface 21c of the ceramic piezoelectric plate 21, an 
inclined surface 26b whose groove depth becomes smaller 
from the back portion of the front flat surface 26a to a back 
side Surface, and a back flat surface 26c extending from the 
back portion of the inclined surface 26b to the back side 
Surface. 

Each long groove 26 is formed by a disk-shaped dice cutter. 
A plurality of the side walls 27 are formed in parallel in the 

longitudinal direction of the ceramic piezoelectric plate 21, 
and partition the long grooves 26. On the opening side (plate 
surface 21a side) of the long grooves 26 on both wall surfaces 
of each side wall 27, plate electrodes 28 for applying a driving 
Voltage extend in the short direction of the ceramic piezoelec 
tric plate 21. The plate electrode 28 is formed by known vapor 
deposition from an oblique direction. The plate electrode 28 
is connected to the above-mentioned flexible substrate 14a. 
As illustrated in FIG. 5, the ceramic piezoelectric plate 21 

has the back side surface of the plate surface 21b fixed to the 
edge of the base plate 11f and directs the extending direction 
of the long grooves 26 to the exposure hole 11b. 

Returning to FIGS. 6 and 7, the ink chamber plate 22 is a 
member in a Substantially rectangular plate shape in the same 
way as in the ceramic piezoelectric plate 21, and the size in the 
longitudinal direction is substantially the same and the size in 
the short direction is set to be shorter, compared with the sizes 
of the ceramic piezoelectric plate 21. The ink chamber plate 
22 has an opening 22c passing through in the thickness direc 
tion and formed in the longitudinal direction of the ink cham 
ber plate 22. 

The ink chamber plate 22 can beformed of a ceramic plate, 
a metal plate, or the like. However, considering the deforma 
tion after the connection to the ceramic piezoelectric plate 21, 
a ceramic plate with a similar thermal expansion coefficientis 
used. 
As illustrated in FIG. 6, the ink chamber plate 22 is con 

nected to the ceramic piezoelectric plate 21 from the plate 
surface 21a side so that the front side surface 22a forms an 
abutting surface 25a to be flush with the front side surface 21c 
of the ceramic piezoelectric plate 21. In this connection state, 
the opening 22c exposes a plurality of long grooves 26 of the 
ceramic piezoelectric plate 21 as a whole, and all the long 
grooves 26 are opened outward and the respective long 
grooves are communicated to each other. 
As illustrated in FIG. 5, the ink flow path substrate 18 is 

attached to the ink chamber plate 22 so as to cover the opening 
22c, and the flow passage 18a of the ink flow path substrate 18 
and each long groove 26 are communicated to each other. 
As illustrated in FIG.5, the nozzle body 23 is configured by 

attaching a nozzle plate 31 to a nozzle cap 32. 
As illustrated in FIG. 6, the nozzle plate 31 is an elongated 

member in a thin plate shape made of polyimide, and a plu 
rality of nozzle holes 31a passing therethrough in the thick 
ness direction are arranged in parallel to form a nozzle string 
(row)31c. More specifically, the nozzle holes 31a as the same 
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10 
number of the long grooves 26 are formed at the position in 
the middle in the short direction of the nozzle plate 31 on the 
same line and at the same interval as that of the long grooves 
26. 
Among the two plate surfaces of the nozzle plate 31, the 

plate surface, on which noZZle discharge ports (noZZle injec 
tion ports) 31b for discharging the ink I are opened, is coated 
with a water-repellent film having water-repellency for pre 
venting the adhesion of ink and the like, and the other plate 
surface is connected to the butting surface 25a and the nozzle 
cap 32. 
The nozzle holes 31a are formed with use of an excimer 

laser apparatus. 
The nozzle cap 32 is a member having a shape obtained by 

scraping the outer peripheral edge of one of two frame Sur 
faces of the frameplate shaped member, and includes an outer 
frame portion 32a in a thin plate shape, a middle frame 
portion 32h that is thicker than the outer frame portion32a, an 
inner frame portion 32b that is thicker than the middle frame 
portion 32h, a long hole 32c passing therethrough in the 
thickness direction and extending in the longitudinal direc 
tion in the middle portion in the short direction of the inner 
frame portion 32b, and a discharge hole 32d passing there 
through in the thickness direction at one end of the outer 
frame portion 32a. In other words, the middle frame portion 
32h and the inner frame portion 32b protrude in the thickness 
direction in steps from the outerframe surface 32e of the outer 
frame portion 32a, and the cross-sectional contour in the 
thickness direction has a stepped shape in Such a manner that 
the heights of the outer frame portion 32a, the middle frame 
portion 32h, and the inner frame portion 32b increase in this 
order toward the long hole 32c. 
The nozzle plate 31 is attached to the inner frame surface 

32f extending in the same direction as that of the outer frame 
surface 32e so as to close the long hole 32c. The nozzle guard 
24 abuts against the outer frame Surface 32e and an inside 
surface 32i extending in the orthogonal direction of the outer 
frame surface 32e. 
The nozzle body 23 is accommodated in the inside space of 

the case 11 so that the discharge hole 32d of the nozzle cap 32 
is positioned on the lower side (see FIG. 3), and is fixed to the 
case 11 and the base plate 11 f(see FIG. 5). 

In this state, the ceramic piezoelectric plate 21 and the ink 
chamber plate 22 are partially inserted in the long hole 32c, 
and the abutting surface 25a abuts against the nozzle plate 31. 
The nozzle plate 31 is attached to the inner frame surface 32f 
with an adhesive, and compared with the area of the inner 
frame surface 32f the nozzle plate 31 is formed to be larger, 
whereby the nozzle plate 31 extends off slightly from the 
inner frame surface 32f. 

According to Such a configuration, when a predetermined 
amount of ink I is supplied to the ink flow path substrate 18 
from the storage chamber 17a in the damper 17, the supplied 
ink I is sent into the long grooves 26 via the opening 22c. The 
gaps between the ink chamber plate 22 and the long grooves 
26, which are generated on the back flat surface 26c side of the 
long grooves 26 (see FIG. 7), are sealed with a sealing mem 
ber. 
(Nozzle Guard) 
The nozzle guard 24 is a member in a substantially box 

shape made of stainless steel and is formed by press forming. 
The nozzle guard 24 includes a top portion 24a formed into a 
rectangular plate shape and a sealing portion 24b extending in 
a direction Substantially orthogonal to a plate Surface direc 
tion from the peripheral edge of the top portion 24a. 
The top portion 24a has a plate Surface that has substan 

tially the same size as that of the inner frame surface 32f, and 
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includes a slit 24c extending in the longitudinal direction in 
the middle portion in the short direction of the top portion 
24a. The slit 24c is formed slightly longer than the nozzle 
string 31c and both ends (upper end 24i and lower end 24f) of 
the slit 24c are formed into a circular shape. 

The width of the slit 24c is set to be about 1.5 mm with 
respect to a nozzle diameter of 40 um of the nozzle holes 31a. 
It is desired that the width of the slit 24c is set to be in a range 
from the width at which the ink I does not leak to run during 
the initial filling with the ink I to the width at which a negative 
pressure can be obtained by the Suction pump 16. 

Further, the upper end 24i and the lower end 24i are formed 
into a circular shape with a diameter slightly larger than the 
above-mentioned widths. 

In the nozzle guard 24, an inner Surface 24e facing the 
inside is coated with a hydrophilic film 24g by titanium coat 
ing. On an outer Surface 24f opposed to the inner Surface 24e 
and the inner surface of the slit 24c, aware-repellent film 24h 
is formed by fluorine resin coating or Teflon (registered trade 
mark) plating. 
The nozzle guard 24 is attached to the nozzle cap 32 by 

attaching the annular end 24d to the outer frame surface 32e 
with an adhesive so that the top portion 24a covers the inner 
frame portion 32b and the discharge hole 32d (see FIG. 3)and 
that the inner surface 24e in the sealing portion 24b abuts 
against the inside surface 32i of the inner frame portion 32h 
(see FIG. 5). In this state, the nozzle guard 24 covers the 
noZZle string 31C via a space (inside space) S. So that the slit 
24c is opposed to the nozzle String 31c and is not opposed to 
the discharge hole 32d. In other words, the nozzle guard 24 
covers the nozzle discharge ports 31b so as to border on the 
nozzle string 31c through the slit 24c and does not border on 
the discharge hole 32d in the opening direction of the slit 24c. 

It is desired that the distance between the top portion 24a of 
the nozzle guard 24 and the nozzle plate 31 is set to be in a 
range from the distance at which the ink I does not leak from 
the slit 24c during the initial filling with the ink I to the 
distance at which a negative pressure can be obtained by the 
Suction pump 16. 
As illustrated in FIG.4, the suction flow path 15 is config 

ured in Such a manner that one end of a tube to be a suction 
port 15a is inserted in the discharge hole 32d to be fixed and 
the other end thereof is connected to the ink suction hole 11e. 
As described above, the suction port 15a is opened at a posi 
tion not opposed to the slit 24c. 

The Suction pump 16 is connected to the ink Suction hole 
11e via a tube. The suction pump 16 sucks the air and the ink 
I in the space S to form the space S into the negative pressure 
chamber R during operation. The Suction pump 16 stores the 
sucked ink I in a liquid waste tank E (see FIG. 2). 

Returning to FIG. 2, the ink supply portion 5 includes an 
ink tank 51 storing the ink I, a cleaning solution tank 52 
storing a cleaning solution W, a switch valve 53 capable of 
Switching two flow paths, a pressure pump 54 for Supplying 
the ink I or the cleaning solution W to the inkjet head 10 under 
pressure, and an open/close valve 55 capable of opening/ 
closing the flow path. 
The ink tank 51 is communicated to the pressure pump 54 

via a supply tube 57a, the switch valve 53, and a supply tube 
57c, and the cleaning solution tank 52 is communicated to the 
pressure pump 54 via a supply tube 57b, the switch valve 53, 
and the supply tube 57c. More specifically, the supply tubes 
57a, 57b are connected to the switch valve 53 as inflow tubes 
and the supply tube 57c is connected to the switch valve 53 as 
an outflow tube. 
The pressure pump 54 is communicated to the inkjet head 

10 via a supply tube 57d when the supply tube 57c is con 
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12 
nected to the pressure pump 54, and supplies the ink I or the 
cleaning solution W flowed therein from the supply tube 57c 
to the inkjet head 10. The pressure pump 54 functions as an 
open/close value so as not to allow a fluid to flow during a 
non-operation time. 
The open/close valve 55A is connected to a supply tube 57e 

that is communicated to the supply tube 57c and is to be an 
inflow tube and a supply tube 57f that is communicated to the 
supply tube 57d and is to be an outflow tube. That is, when the 
open/close valve 55 is opened, the supply tubes 57e and 57f 
function as bypass tubes of the pressure pump 54. 

Next, the operation of the inkjet recording apparatus 1 with 
the above-mentioned configuration is described. In the fol 
lowing description, the case where printing is performed on 
the box D after the inkjet head 10 is initially filled with the ink 
I is described, and further, the case where the inkjet head 10 is 
cleaned is described. 
(Ink Initial Filling) 

FIG. 8 is a diagram illustrating a relationship between the 
operation timing of the Suction pump 16 and the pressure 
pump 54 and the space S (negative pressure chamber R), and 
FIG. 9 are cross-sectional views of the head chip 20 illustrat 
ing the operation thereof during the initial filling, with main 
portions enlarged. 

First, as illustrated in FIGS. 4 and 8, the suction pump 16 is 
operated (ON1), and the suction pump 16 Sucks the air in the 
space S through the suction port 15a via the suction flow path 
15 (time T0 in FIG. 8). At this time, it is preferred that the 
output of the operated suction pump 16 is set to be such that 
the space Shas a Sufficiently negative pressure, and the output 
at this time is set to be the filling output of the Suction pump 
16. When the suction pump 16 is operated with the filling 
output (first output), outside air flows in the space S through 
the slit 24c. The air is sucked after reaching the suction port 
15a via the space S, whereby the space S is depressurized 
(liquid filling mode). Then, after the elapse of a predeter 
mined time T1, the negative pressure chamber R is obtained in 
which the space S has a negative pressure Sufficiently lower 
than the atmospheric pressure. 

After the space S becomes the negative pressure chamber 
R, the ink supply portion 5 fills the inkjet head 10 with the ink 
I under pressure (time T2 in FIG. 8). At this time, the ink 
supply portion5 is set as follows. That is, as illustrated in FIG. 
2, the supply tube 57a and the supply tube 57c are commu 
nicated to each other by the switch valve 53, and the switch 
valve 55 is closed, whereby the supply tube 57e and the 
supply tube 57fare disconnected. When the pressure pump 54 
is operated in this state, the pressure pump 54 injects the ink 
I to the ink injection hole 11d of the inkjet head 10 from the 
ink tank 51 via the supply tubes 57a, 57c, and 57d. 
As illustrated in FIGS. 4 and 5, the ink I injected to the ink 

injection hole 11d flows in the storage chamber 17a via the 
inkin-take hole 17b of the damper 17, and then, flow out to the 
flow passage 18a of the ink flow path substrate 18 via the ink 
discharge hole 17c. Then, the ink I flowed in the passage path 
18a flows in each long groove 26 via the opening hole 22c. 

After the ink I flowed in each long groove 26 flows to the 
nozzle holes 31a side to reach the nozzle holes 31a, the ink I 
flows out of the nozzle holes 31a as excess inkY, as illustrated 
in FIG.9A. When the excess ink Ystarts flowing, the amount 
thereof is small. Therefore the excess ink Y flows down 
wardly on the nozzle plate 31. The ink I having reached the 
lower portion of the negative pressure chamber R is sucked by 
the suction flow path 15 from the suction port 15a and is 
discharged to the liquid waste tank E (see FIG. 9B). 
When the outflow amount of the excess ink Yincreases, as 

illustrated in FIG. 9B, the excess ink Y starts flowing also 



US 8,430,477 B2 
13 

downwardly on the inner surface 24e of the nozzle guard 24, 
as well as on the nozzle plate 31. At this time, airflows in the 
negative pressure chamber R continuously from the slit 24c, 
and the excess ink Y is unlikely to flow out from the slit 24c. 
As illustrated in FIG.9C, even if the amount of the excess ink 
Y flowing on the inner surface 24e in the vicinity of the slit 
24c increases locally, and a part of the excess ink Y reaches 
the vicinity of the outer surface 24f against the air flowing in 
from the slit 24c, the excess ink Y is repelled by the water 
repellent film 24h formed on the outer surface 24f. The 
repelled ink I is induced to the hydrophilic film 24g formed on 
the inner Surface 24e and returned to the negative pressure 
chamber R again. 

Further, at the lower end 24i of the slit 24c, the surface 
tension acts on the ink I at the circular outline of the lower end 
24i (border between the outer surface 24f and the lower end 
24f). At the lower end 24i, a strong Surface tension acts on the 
ink I, and the balance of the surface tension is kept. Therefore, 
the surface of the ink I is not broken and the ink I does not leak 
outside. Further, in the same way as mentioned above, the ink 
is induced by the water-repellent film 24h formed on the outer 
surface 24f and the hydrophilic film 24g formed on the inner 
surface 24e to be returned to the negative pressure chamber R. 

Thus, the excess ink Y flowing out of the nozzle holes 31a 
is discharged to the liquid waste tank E continuously. 
As illustrated in FIG. 8, after the elapse of a predetermined 

time T3, the pressure pump 54 is stopped to complete the 
filling with the ink I under pressure. The excess inkY does not 
flow out of the nozzle holes 31a along with the stop of the 
pressure pump 54, and the excess ink Y remaining in the 
negative pressure chamber R is discharged to the liquid waste 
tank E via the suction port 15a. 

Then, after the elapse of a predetermined time T4, the 
suction pump 16 is stopped. After the completion of the filling 
with the ink I, as illustrated in FIG. 9D, the long grooves 26 
are filled with the ink I. The space S recovers a pressure to 
have the same pressure as the atmospheric pressure (see FIG. 
8). 
(During Printing) 
The operation in the case of performing printing on the box 

D is described. First, the setting of the ink supply portion 5 is 
described. More specifically, as illustrated in FIG. 2, the 
supply tubes 57a and 57c are communicated by the switch 
valve 53, and under this condition, the open/close valve 55 is 
opened to communicate the supply tube 57e with the supply 
tube 57f. In this state, the pressure pump 54 is not operated, 
and therefore the supply tube 57c and the supply tube 57d are 
not communicated to each other via the pressure pump 54. In 
this state, the ink I is injected to the ink injection hole 11d of 
the inkjet head 10 via the supply tubes 57a, 57c,57e, 57f, and 
57d. 
When the belt conveyer 2 is driven under the condition that 

the ink supply portion 5 is set as described above (see FIG.1), 
and the box D is conveyed in one direction and passes through 
the front portion of the housing 6, that is, when the box D 
passes through the front portion of the nozzle plate 31 (nozzle 
holes 31a), the ink discharge portion3 discharges ink droplets 
to the box D. 

Specifically, based on the printing data input by an outside 
personal computer, the driving circuit board 14 selectively 
applies a Voltage to a predetermined plate electrode 28 in 
accordance with the printing data. This decreases the capacity 
of the long grooves 26 corresponding to the plate electrode 
28, and the ink I filling the long grooves 26 is discharged from 
the discharge port 31b to the box D. 
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The long grooves 26 have a negative pressure when the ink 

I is discharged, and hence the long grooves 26 are filled with 
the ink I via the supply tubes 57a, 57c, 57e, 57f, and 57d. 

Thus, the ceramic piezoelectric plate 21 of the inkjet head 
10 is driven in accordance with image data, and the ink 
droplets are discharged from the nozzle holes 31a to be 
dropped on the box D. Thus, the ink droplets are discharged 
continuously from the inkjet head 10 while the box D is being 
moved, whereby an image (character) is printed at a desired 
position of the box D. 

Herein, the inkjet head 10 of this embodiment is configured 
in Such a manner that the string direction of the nozzle string 
31C is directed in the gravity direction, and the opening direc 
tion of the nozzle holes 31a is directed in the horizontal 
direction. However, the present invention is not limited 
thereto, and as the configuration in which the opening direc 
tion of the nozzle holes 31a is directed in the gravity direction, 
the configuration in which the extending direction of the 
nozzle string 31c is directed in the horizontal direction is also 
considered. 

In Such a case, the opening direction of the discharge ports 
31b of the nozzle holes 31a is directed in the gravity direction, 
and hence the excess ink Y having leaked from the nozzle 
holes 31a during the filling with the ink I may not be sucked 
completely to remain in a boundary portion between the top 
portion 24a and the sealing portion 24b of the nozzle guard 24 
or the like. Further, after the filling with the ink I, the excess 
inkY may leak from the nozzle holes 31a, for example, during 
printing. 
As illustrated in FIG. 8, in this embodiment, the suction 

pump 16 is operated at all times even after the filling with the 
ink I (ON2 in FIG. 8). In this case, the output of the suction 
pump 16 is set to be weaker than the output (filling output) 
during the filling with the ink I to such a degree as to Suck the 
excess inkYpresent in the spaceS Sufficiently during printing 
(normal use mode). As a result, the space S becomes a nega 
tive pressure space weaker than that during the filling with the 
ink I. It is not preferred that the output of the suction pump 16 
is too strong, because the fly path of the ink droplets dis 
charged from the nozzle holes 31a is influenced during print 
ing, which may influence the printing precision. Then, the 
output of the Suction pump 16 is set to be an ordinary output 
(second output). 
When printing is performed while the suction pump 16 is 

operated at an ordinary output, the excess inkY having leaked 
from the nozzle holes 31a and the excess ink Y remaining on 
the inner surface 24e of the nozzle guard 24 flow toward each 
suction flow path 15. The ink I having reached the suction 
flow path 15 is sucked into the suction flow path 15 to be 
discharged to the liquid waste tank E. 
The operation of ON2 in FIG. 8 described as an normal use 

mode is not necessarily required to be carried out together 
with the operation of ON1 in FIG. 8 described as the liquid 
filling mode, and may be carried out as appropriate depending 
upon the operation environment in the Surrounding and the 
kind of the ink I. 
(During Cleaning) 
The operation of the inkjet head 10 during cleaning is 

described. First, the setting of the ink supply portion 5 is 
described. That is, as illustrated in FIG. 2, the supply tubes 
57b and 57c are communicated by the switch valve 53, and 
the open/close valve 55 is closed to close the supply tubes 57e 
and 57f. In this state, the pressure pump 54 is operated. The 
pressure pump 54 injects the cleaning solution W to the ink 
injection hole 11d of the inkjet head 10 from the cleaning 
solution tank 52 via the supply tubes 57b, 57c, and 57d. 
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In the same way as in the initial filling, the cleaning Solu 
tion W is allowed to flow out of the nozzle holes 31a via the 
long grooves 26 and the like, and the cleaning solution W 
having flowed is sucked from the suction port 15a. 

If the inkjet recording apparatus 1 has not been used for a 
long period of time, the ink I filling the long grooves 26 is 
dried to be cured. In this case, if the inkjet head 10 is filled 
with the cleaning solution W in the same way as in the 
cleaning, the inkjet recording apparatus 1 can be stored for a 
long period of time. 
As described above, according to the inkjet recording 

apparatus 1, the excess ink Y moves through the negative 
pressure chamber Runder the condition that it is unlikely to 
leak out from the slit 24c in the inkjet head 10, and is sucked 
from the suction port 15a to the suction flow path 15 to be 
discharged outside. Therefore, the space for collecting the ink 
I having flowed from the nozzle discharge ports 31b can be 
minimized, and the space factor of the inkjet head 10 can be 
enhanced, which can also enhance the degree of design free 
dom of the inkjet recording apparatus 1. 

Further, a great amount of the excess ink Y can be dis 
charged continuously via the Suction flow path, and hence the 
ability of collecting the ink Y is enhanced, and the contami 
nation with the excess ink Y can be prevented and the dis 
charge of the ink I after the filling with the ink I can be 
stabilized. 

Further, the initial filling with the inkjet recording appara 
tus 1 can be realized with a simple configuration without 
providing a service station. 

Further, the suction port 15a is disposed so as not to be 
opposed to the slit 24c, and the airflowing in from the slit 24c 
reaches the suction port 15a via the space S (negative pressure 
chamber R). Therefore, the space S can be depressurized 
rapidly, and the negative pressure state of the negative pres 
sure chamber R can be continued satisfactorily. Thus, the 
excess inkY can be collected Smoothly, and a great amount of 
the excess ink Y can be collected stably. 

Further, the suction port 15a is formed in the lowermost 
portion of the negative pressure chamber R in the gravity 
direction, and the ink I is Sucked in the lower most portion. 
Therefore, the excess ink Y flowing in the lower portion can 
be sucked efficiently. 

Further, the water-repellent film 24h is formed on the outer 
surface 24f. Therefore, even if the excess inkY in the negative 
pressure chamber R should flow out from the slit 24c, the 
excess ink Y is repelled by the water-repellent film 24h and is 
likely to be accumulated in the negative pressure chamber R. 

Further, the hydrophilic film 24g is formed on the inner 
surface 24e. Therefore, the ink I is likely to flow through the 
negative pressure chamber R, and the excess inkY repelled by 
the water-repellent film 24h is guided to the negative pressure 
chamber R and is likely to be accumulated in the negative 
pressure chamber R. This can prevent the excess ink Y from 
flowing out from the slit 24c at a high probability. 

Further, since the lower end 24i of the slit 24c has a circular 
shape, the surface of the ink I maintained at the lower end 24;i 
due to the surface tension is unlikely to be broken and the 
excess ink Y is likely to be accumulated in the negative 
pressure chamber R. More specifically, first, the ink I having 
reached the lower end 24i of the slit 24c comes into contact 
with the lower end 24i. At this time, the surface tension acts on 
the ink I on the circular outline of the lower end 24i (border 
between the outer surface 24f and the lower end 24f). Herein, 
the liquid (ink I) is present in a Substantially spherical shape 
in an environment in which an outer force does not act 
strongly. Therefore, in the case where the end of the slit 24c 
has a rectangular shape, the Surface of a Substantially spheri 
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cal body maintained due to the Surface tension is broken and 
the ink I may leak out of the slit 24c. 
On the other hand, in the case where the end of the slit 24c 

has a circular shape as in this embodiment, the Surface of the 
liquid (ink I) maintained due to the Surface tension is not 
broken, and the ink I is likely to be accumulated in the nega 
tive pressure chamber R without leaking out at the lower end 
24j. Further, in the same way as described above, the water 
repellent film 24h is formed on the outer surface 24f, and 
hence the ink I that should leak can be accumulated in the 
negative pressure chamber R. 

If such a configuration is adopted, as described above, even 
if the excess ink Y should leak out from the slit 24c, the ink I 
is likely to be accumulated in the negative pressure chamber 
R at the lower end 24i of the slit 24c. Therefore, the contami 
nation by the leakage of the excess inkY can be prevented and 
the ability of collecting the excess ink Y can be enhanced. 

Further, the ink Supply portion 5 is configured so as to 
Switch and Supply the ink I and the cleaning solution W. and 
the ink I and the cleaning solution Ware supplied to the liquid 
supply system 12. This reduces the labor for cleaning of the 
inkjet head 10, and allows the inkjet head 10 to perform 
cleaning efficiently. 

Further, as described above, this embodiment is character 
ized by the configuration in which the space S (negative 
pressure chamber R) is formed using the nozzle guard 24 
formed so as to cover the nozzle string 31c and the excess ink 
Y is discharged from the suction port 15a. Hereinafter, the 
feature of the configuration is described below. 

In the present configuration, the space S has a negative 
pressure sufficiently lower than the atmospheric pressure to 
become the negative pressure chamber R, and the ink I flow 
ing to the negative pressure chamber R is unlikely to flow 
toward the slit 24c. Under this condition, the filling with the 
ink I under pressure is started. Therefore, compared with the 
case where the long grooves 26 are filled with the ink I under 
pressure with the space S having the same pressure as the 
atmospheric pressure, e.g., the case where the nozzle guard 
24 and the space S are not formed, the airflows in from the slit 
24c continuously, and hence the excess ink Y is unlikely to 
leak from the slit 24c. Further, since the excess ink Y is 
discharged continuously by the Suction port 15a, the excess 
ink Y is accumulated in the space S (negative pressure cham 
ber R) without leaking out from the slit 24c. 

Further, under the condition that the space S is the negative 
pressure chamber R, the filling under pressure is completed, 
therefore the liquid does not flow out to the negative pressure 
chamber R. Therefore, compared with the case where the 
filling of the long grooves 26 under pressure is completed 
after the space S recovers a pressure, the excess ink Y is 
unlikely to leak out from the slit 24c and does not overflow the 
slit 24c. This enables the filling with the ink I while prevent 
ing the contamination with the excess ink Y. and can stabilize 
the discharge of the ink I after the filling. 

Modified Examples 

Hereinafter, specific modified examples of the inkjet head 
10 are described with reference to the drawings. The same 
components as those of the inkjet head 10 are denoted with 
the same reference numerals as those therein, and the descrip 
tion thereof is omitted. 

FIGS. 10A and 10B are views illustrating an inkjet head 60 
that is a modified example of the inkjet head 10. The inkjet 
head 60 includes two inclined portions 61 at a bottom rl of the 
negative pressure chamber R. 
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The inclined portions 61 are respectively made of a trian 
gular member having a right triangle shape in a cross-section, 
and are arranged in Such a manner that two rectangular side 
Surfaces forming a right angle abut against the sealing portion 
24b, the right angle portion formed by two rectangular side 
Surfaces is allowed to abut against one of two corners formed 
by the sealing portion 24b, and the rectangular side Surface 
opposed to the right angle portion forms an inclined Surface 
converging to the Suction port 15a. Due to Such a configura 
tion, the width of the lower portion of the negative pressure 
chamber R (width in the direction parallel to the surface of the 
nozzle plate 31 and perpendicular to the nozzle string 31c) 
gradually decreases toward the Suction port 15a. 

According to Such a configuration, the excess inkY having 
reached the lower portion of the negative pressure chamber R 
flows toward the suction port 15a in the width direction, and 
hence the excess ink Y is likely to be sucked from the suction 
port 15a. 

FIG. 11 are views illustrating an inkjet head 70 that is a 
modified example of the inkjet head 10. The inkjet head 70 
includes two inclined portions 62 at a bottomrl of the negative 
pressure chamber R. 
An inclined portion 62 is made of a triangular member 

having a right triangle shape in a cross-section, and the 
inclined portion 62 is arranged in Such a manner that a corner 
portion formed at a right angle abuts against the corner 
formed by the top portion 24a and the sealing portion 24b, 
and the inclined Surface opposed to the corner portion con 
Verges to the Suction port 15a. Due to Such a configuration, the 
distance between the nozzle plate 31 and the top portion 24a 
gradually decreases toward the suction port 15a in the direc 
tion perpendicular to the surface of the nozzle plate 31. 

According to Such a configuration, the excess inkY having 
reached the lower portion of the negative pressure chamber R 
flows toward the suction port 15a in the opening direction of 
the Suction port of the negative pressure chamber R, and 
hence the excess ink Y is likely to be sucked from the suction 
port 15a. 

FIG. 12A is a view illustrating an inkjet head 80 that is a 
modified example of the inkjet head 10. As illustrated in FIG. 
12A, the nozzle guard 24 of the inkjet head 80 has a dented 
portion 24x dented to the negative pressure chamber R side on 
the top portion 24a. The dented portion 24x is formed by press 
forming (rolling), and the bottom Surface of the dented por 
tion 24x has the slit 24c. Thus, even in the case where the 
nozzle guard 24 comes into contact with the box D, the 
water-repellent film 24h in the vicinity of the slit 24c reduces 
the probability at which the water-repellent film 24h comes 
into contact with the box D, whereby the water-repellent film 
24h can be prevented from being peeled off. 

FIG. 12B is a view illustrating an inkjet head 90 that is a 
modified example of the inkjet head 10. As illustrated in FIG. 
12B, the nozzle guard 24 of the inkjet head 90 has an annular 
protruding wall 24y protruding to the negative pressure cham 
ber R side and Surrounding the slit 24c in an annular shape. 
Thus, in the case where the ink I is discharged to the box D 
with the nozzle discharge port 31b of the inkjet head 90 
directed downward, even if the excess ink Y remains in the 
space S after the negative pressure chamber R recovers a 
pressure, the excess ink Y is prevented from reaching the slit 
24c through the inner surface 24e, and the excess inkY can be 
prevented from leaking from the slit 24c. 

FIG. 12C is a view illustrating an inkjet head 100 that is a 
modified example of the inkjet head 10. As illustrated in FIG. 
12C, on the nozzle guard 24 of the inkjet head 100, a dented 
portion 24x and an annular protruding wall 24y are formed by 
press forming. This can prevent the water-repellent film 24h 
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from peeling and can prevent the excess ink Y from leaking 
from the slit 24c in the case of discharging the ink I to the box 
D with the nozzle discharge port 31b of the inkjet head 100 
directed downward. 

Press forming enables the dented portion 24x and the annu 
lar protruding wall 24y to be formed simultaneously and 
renders the production yield satisfactory. 
The operation order or various shapes, combinations, and 

the like of the respective constituent elements illustrated in 
the above-mentioned embodiments are illustrated for illustra 
tive purposes, and can be varied based on the design request 
and the like within the range not deviating from the spirit of 
the present invention. 

For example, in the above-mentioned embodiments, as 
illustrated in FIG. 2, the suction pump 16 and the liquid waste 
tank E are provided inside the inkjet head 10. However, the 
present invention is not limited thereto. More specifically, the 
Suction pump 16 and the liquid waste tank E may be provided 
outside the inkjet head 10, and may be mounted on, for 
example, the inkjet recording apparatus 1. 

For example, in the above-mentioned embodiments, the 
nozzle body 23 is composed of the nozzle plate 31 and the 
nozzle cap 32, and the annular end 24d of the nozzle guard 24 
is allowed to adhere to the nozzle cap 32. However, the 
annular end 24d may be allowed to adhere to the nozzle plate 
31 provided that the suction port 15a is opened in the space S. 

In the above-mentioned embodiments, the suction port 15a 
is inserted in the discharge hole 32d formed in the nozzle cap 
32. However, the discharge hole 32d may be formed in the 
nozzle plate 31 or the nozzle guard 24, or the suction flow path 
15 may be connected to the discharge port 32d to be used as 
the suction port. 

Further, in the above-mentioned embodiment, the water 
repellent film 24h is formed by fluorine resin coating or 
Teflon (registered trademark) plating. However, a water-re 
pellent sheet may be attached or a water-repellent agent may 
be applied. 

Further, in the above-mentioned embodiment, the hydro 
philic film 24g is formed by titanium coating. However, the 
hydrophilic film 24g may be subjected to gold plating or may 
be coated with an alkali drug. 

Further, in the above-mentioned embodiment, the inkjet 
recording apparatus 1 is configured with the inkjet head 10 
fixed. However, the inkjet recording apparatus 1 can also be 
configured with the inkjet head 10 being set to be movable. 
That is, by adopting the inkjet head 10, an inkjet recording 
apparatus requiring no cap for negative pressure Suction can 
be realized. 

Further, in the above-mentioned embodiments, the string 
direction of the nozzle string 31c of the inkjet head 10 is 
directed in the gravity direction, and the opening direction of 
the nozzle holes 31a is directed in the horizontal direction. 
However, the present invention is not limited to such a setting 
direction. The opening direction of the nozzle holes 31a may 
be directed in the gravity direction, and the extending direc 
tion of the nozzle string 31c may be directed in the horizontal 
direction. 

Further, in the above-mentioned embodiments, the suction 
pump is operated during the initial filling and the cleaning. 
However, the ink I may be collected during the printing 
because the ink may run from the nozzle holes 31a. 

Further, in the above-mentioned embodiments, the 
inclined portions 61 and 62 that are members separate from 
the nozzle guard 24 are provided. However, the inner surface 
24e of the nozzle guard 24 may be inclined to obtain an 
inclined portion instead of providing the inclined portions 61 
and 62. 
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Further, the inclined portions 61 and 62 may be used in a 
Superimposed manner. That is, a member may be provided, 
which gradually decreases the width of the lower portion of 
the negative pressure chamber Rand the distance between the 
nozzle plate 31 and the top portion 24a toward the lower 
portion, or the inner Surface 24e may be formed into Such a 
shape. 

Further, in the above-mentioned embodiments, the dented 
portion 24x and the annular protruding wall 24y are formed by 
press forming. However, the dented portion 24x and the annu 
lar protruding wall 24y may be formed by other processing 
methods such as cutting. 

Further, in the head chip 20 in the above-mentioned 
embodiments, as illustrated in FIGS. 6 and 7, the opening 22c 
is opened to the entire long grooves 26. However, the present 
invention is not limited thereto. For example, slits communi 
cated to the long grooves 26 alternately may be formed in the 
ink chamber plate 22, whereby the long grooves into which 
the ink I is guided and the long grooves 26 into which the ink 
I is not guided may be formed. By adopting Such a configu 
ration, even when conductive ink I is used, for example, the 
plate electrodes 28 of the adjacent side walls 27 are not 
short-circuited, whereby independent ink discharge can be 
realized. 

That is, the form of the head chip described in the above 
mentioned embodiments is not limited. Therefore, non-con 
ductive oil-based ink, conductive water-based ink, solvent 
ink, UV ink, or the like may be used. By configuring the liquid 
injection head as described above, ink of any properties can 
be used appropriately. In particular, conductive ink can be 
used without any problem, and hence, the added value of the 
liquid injection recording apparatus can be enhanced. The 
other elements can exhibit similar functional effects. 

In the above-mentioned embodiments, the ceramic piezo 
electric plate 21 having electrodes is provided as an actuator 
for discharging the ink I. However, the present invention is not 
limited to this embodiment. For example, air bubbles may be 
generated in a chamber filled with the ink I with use of an 
electrothermal conversion element, so as to discharge the ink 
I by the pressure thereof. 

Further, in the above-mentioned embodiments, the inkjet 
printer 1 has been illustrated as an example of the liquid 
injection recording apparatus. However, the liquid injection 
recording apparatus is not limited to the printer. For example, 
the liquid injection recording apparatus may be a facsimile, 
an on-demand printing machine, or the like. 

Further, in the above-mentioned embodiments, as in the 
configuration illustrated in FIG. 2, the excess ink Y sucked by 
the Suction pump 16 is discharged to the liquid waste tank E. 
However, the present invention is not limited thereto. For 
example, an ink tank 51, instead of the liquid waste tank, may 
be connected to the flow path on the exit side of the suction 
pump 16. That is, the excess inkYSucked by the Suction pump 
16 may be supplied to the ink tank 51, and may be supplied as 
the ink I from the ink tank 51 to the inkjet head 10. By 
adopting such an embodiment, the excess ink Y can be re 
used as the ink I. 

Further, in addition to the above-mentioned configuration, 
a filter member may be provided in a flow path extending 
from the suction pump 16 to the ink tank 51 for re-using the 
excess ink Y. By adopting such a configuration, impurities 
contained in the excess ink Y can be removed, and ink in an 
appropriate state can be Supplied to the ink tank 51. 

Further, for re-using the excess ink Y, a deaerator may be 
provided in a flow path extending from the Suction pump 16 to 
the ink tank 51. By adopting such a configuration, air bubbles 
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contained in the excess ink Y can be deaerated and ink in an 
appropriate deaerated State can be supplied to the ink tank 51. 

However, the above-mentioned configurations are not nec 
essarily required, and may be used appropriately depending 
upon the specification of the liquid injection recording appa 
ratuS. 

What is claimed is: 
1. A liquid injection head comprising: 
a nozzle body having a row of nozzle, holes; 
a plurality of pressure-generating chambers each commu 

nicating with a respective one of the nozzle holes; 
a liquid Supply system that Supplies a first liquid to the 

plurality of pressure-generating chambers; 
an actuator placed adjacent to the plurality of pressure 

generating chambers and configured to be driven to pres 
Surize the plurality of pressure-generating chambers so 
that the first liquid in the plurality of pressure-generating 
chambers is injected from a nozzle injection port of the 
row of nozzle holes; and 

a nozzle guard that is formed so as to cover the row of 
nozzle holes, the nozzle guard comprising: 
a top portion located spaced from a surface of the nozzle 
body and having a slit opposed to the row of nozzle 
holes; 

a sealing portion that seals an area between a peripheral 
edge of the top portion and the nozzle body; and 

a Suction flow path having a Suction port open below the 
row of nozzle holes and communicating with an 
inside space of the nozzle guard; 

wherein a suction section connected to the suction flow 
path of the nozzle guard causes the inside space of the 
nozzle guard to be a negative pressure chamber, and 

wherein the first liquid overflowing into the negative pres 
sure chamber is sucked from the nozzle holes. 

2. A liquid injection head according to claim 1; wherein the 
Suction port of the Suction flow path is provided at a position 
So as to not oppose the slit. 

3. A liquid injection head according to claim 1; wherein the 
Suction port is provided in a lowermost portion of the negative 
pressure chamber in a gravity direction. 

4. A liquid injection head according to claim 1; wherein the 
slit of the nozzle guard is formed so that a longitudinal direc 
tion thereof faces in the gravity direction and a lower end 
thereof is formed into a circular shape. 

5. A liquid injection head according to claim 1; wherein an 
inclined portion converging to the Suction port is provided in 
an inside lower portion of the nozzle guard; and wherein a 
width of the inclined portion, which is parallel to a surface of 
the nozzle body and perpendicular to the nozzle String, 
decreases gradually toward the Suction port. 

6. A liquid injection head according to claim 1; wherein an 
inclined portion converging to the Suction port is provided in 
an inside lower portion of the nozzle guard; and wherein a 
distance of the inclined portion from the nozzle body in a 
direction perpendicular to a surface of the nozzle body 
decreases gradually toward the Suction port. 

7. A liquid injection head according to claim 1; further 
comprising a water-repellent film formed at least on an outer 
Surface of the nozzle guard. 

8. A liquid injection head according to claim 1; further 
comprising a hydrophilic film formed on an inner Surface of 
the nozzle guard in contact with the negative pressure cham 
ber. 

9. A liquid injection head according to claim 1; further 
comprising a dented portion dented toward the negative pres 
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sure chamber and formed in the top portion of the nozzle 
guard; and wherein the slit is formed in a bottom surface of the 
dented portion. 

10. A liquid injection head according to claim 1; further 
comprising an annular protruding wall formed on the top 
portion of the nozzle guard so as to protrude toward the 
negative pressure chamber and surround the slit in an annular 
shape. 

11. A liquid injection recording apparatus comprising: 
a liquid injection head according to claim 1; and 
a liquid Supply portion arranged so as to supply the first 

liquid to the liquid supply system of the liquid injection 
head. 

12. A liquid injection recording apparatus according to 
claim 11; further comprising a re-use liquid supply system 
that collects the first liquid overflowing to the negative pres 
sure chamber by suction, and that supplies the first liquid to 
the plurality of pressure-generating chambers. 

13. A liquid injection recording apparatus according to 
claim 12; wherein the re-use liquid supply system has one of 
a filter portion and a deaerator. 

14. A liquid injection recording apparatus comprising: 
a liquid injection head according to claim 1; and 
a liquid supply portion arranged so as to switch and supply 

the first liquid and a second liquid to the liquid supply 
system of the liquid injection head. 

15. A liquid injection recording apparatus according to 
claim 14; further comprising a re-use liquid supply system 
that collects the first liquid overflowing to the negative pres 
sure chamber by suction, and that supplies the first liquid to 
the plurality of pressure-generating chambers. 

16. A liquid injection recording apparatus according to 
claim 15; wherein the re-use liquid supply system has one of 
a filter portion and a deaerator. 

17. A method of filling a liquid injection head with liquid, 
comprising: 

providing a liquid injection head comprising: 
a nozzle body having a row of nozzle holes: 
a plurality of pressure-generating chambers each commu 

nicating with a respective one of the nozzle holes; 
a liquid supply system that supplies a first liquid to the 

plurality of pressure-generating chambers; 
an actuator placed adjacent to the plurality of pressure 

generating chambers and configured to be driven to pres 
Surize the plurality of pressure-generating chambers so 
that the first liquid in the plurality of pressure-generating 
chambers is injected from a nozzle injection port of the 
row of nozzle holes; and 

a nozzle guard that is formed so as to cover the row of 
nozzle holes, the nozzle guard comprising: 
a top portion located spaced from a surface of the nozzle 
body and having a slit opposed to the row of nozzle 
holes; 

a sealing portion that seals an area between a peripheral 
edge of the top portion and the nozzle body; and 

a suction flow path having a suction port open below the 
row of nozzle holes and communicating with an 
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inside space of the nozzle guard, a suction section 
connected to the suction flow path of the nozzle guard 
causing the inside space of the nozzle guard to be a 
negative pressure, and the first liquid overflowing into 
the negative pressure chamber being sucked from the 
row of nozzle holes; and 

filling the plurality of pressure-generating chambers with 
the first liquid under pressure using the liquid supply 
System and under a condition that the negative pressure 
chamber is allowed to have a negative pressure lower 
than an atmospheric pressure by the suction portion. 

18. A method of filling a liquid injection head with liquid 
according to claim 17; wherein the filling under pressure is 
completed under the condition that the negative pressure 
chamber is allowed to have a negative pressure lower than an 
atmospheric pressure by the suction portion. 

19. A method of using the liquid injection recording appa 
ratus according to claim 17; further comprising a liquid filling 
mode in which the suction portion is operated by a first output 
to render the inside space of the nozzle guard the negative 
pressure chamber so that liquid overflowing into the negative 
pressure chamber is sucked from the suction port. 

20. A method of using the liquid injection recording appa 
ratus according to claim 17; further comprising switching a 
liquid filling mode in which the suction portion is operated by 
a first output to render the inside space of the nozzle guard the 
negative pressure chamber so that liquid overflowing into the 
negative pressure chamber is sucked from the suction port, 
and a normal use mode in which the suction portion is oper 
ated by a second output smaller than the first output so that the 
liquid is injected to the recording medium to perform record 
ing on the recording medium. 

21. A liquid injection head comprising: 
a nozzle body having a row of nozzle holes: 
a nozzle guard that covers the row of nozzle holes, the 

nozzle guard having a top portion having formed therein 
a slit opposed to the row of nozzle holes, a sealing 
portion that seals an area between a peripheral edge of 
the top portion and the nozzle body, and a suction flow 
path having a suction port opening below the row of 
nozzle holes and communicating with a space on an 
inner side of the nozzle guard; and 

a suction section connected to the suction flow path of the 
nozzle guard and causing the space on the inner side of 
the nozzle guard to form a negative pressure chamber 
Such that a liquid overflowing into the negative pressure 
chamber is sucked from the suction port of the suction 
flow path. 

22. A liquid injection recording apparatus comprising: a 
liquid injection head according to claim 21, the liquid injec 
tion head further comprising a plurality of pressure-generat 
ing chambers each communicating with a respective one of 
the nozzle holes, and a liquid supply system that supplies the 
liquid to the plurality of pressure-generating chambers; and a 
liquid Supply portion that supplies the liquid to the liquid 
Supply system of the liquid injection head. 
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